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HeuTpuHHas gpusmka:

OCHOBHbIE pe3yJSibTaThbI.



KpaTtkasa ncropus HeMTPUHHbIX
nccrieaoBaHUU

1896 bekkepenb — paguoakTMBHOCTb
1914 YagBuUK — HenpepbIBHbIA CNEKTP B-3NEeKTPOHOB

« 1930 ITayam mpeanoJioxKuJ CylnieCTBOBaHNE HEUTPUHO

* 1946 IloHTeKOpPBO BHICKA3AJ HICI0 0 BO3MOKHOCTHU ACTEKTUPOBAHUS HEUTPUHO OT PEAKTOPOB €
MOMOIIBI0O PAAUOXUMHUYIECCKOI'0 METO/1a

« 1953 IIpsamMoe 10Ka3aTebCIBO cymeCTBOBaHml HEUTPUHO — PEerucTpanms v oT
peakrtopa (KoysH, Paiinec): v.+p > n+e*

« 1956 Jlanpay, JIu u SIHr I[pC}IJIO)KI/IJII/I TUIOTE3Y ABYXKOMIIOHEHTHOT0 HEMTPUHO

1957 NMoHTeKOpBO, rMNOoTe3a HEUMTPUHHbLIX OCLUNNALUNA

« 1959 Ilontekopso, JIu u SAHr npea0KuIn UIACK YCKOPUTEIbHOI0 IKCIICEPUMEHTA HA CPABHECHUE
YHCJIA [ ¥ e, 00pa30BAHHBIX IPH B3aHMO/JIEHCTBUH C BEIECTBOM I€TEKTOPA V, OT YCKOPHTeIs

« 1962 Jlenepman, llIBapu u lllTeiin0eprep Ha yckopuresae AGS B bpykxesene HOKaZ’.a.HI/I 4To V, #V,
H VF V

- 1973 OTtkpoiTHe HeliTpaabHbIX TOKOB (CERN, I'apramess):
\% ( v )+N—>v ( v )+az[p0H1>1;v te —>v, te
e 1975 HonTBepmeHne z[yﬁ.neTHOH CTPYKTYPbI KBapKOBOFO €J1a00r0 TOKAa - Ha0JII0AeHUE B V-
peakuusix Ha yckopurteyge FNAL co0bITHii ¢ IByMsI MIOOHAMH Pa3HOI0 3HAKA 3apsjia
* 1994 Ha yckopureiae LEP noka3zaHo, 4T0 CylmeCTBYIOT TOJbKO TPH MOKOJIEHHSI JIETKUX HEHTPHUHO
 1998... OrkpsoiTHE HeliTpUHHBIX ocumLIsiuuii: SK (aTtMm.), K2K (yckopureJib)

HelTpuHHBIE SKCIIEPUMEHTHI ChITPAJIN (PYHAAMEHTAJBHYI POJb B cTaHOBJeHMH CM



HeuntpuHo B CtaHpapTtHou Mopgenu

The Spmldard I‘s-In]ﬂ:':l of
Particle Interactions

hree Generations of Matter

Force Carriers
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f'unotusa ocumnnauum,
3KCNEepUMEHTHI.



Macca? CoxpaHeHune nenToHHbIX Yncen?

[lpupoaa maccuBHbLIX HEUTPUHO?, ...

TpaguumoHHo: m = 0, coxpaHeHune L
Ecnum # 0, L — He coxpaHdaeTcs —

CmewmBaHune —

- Ve i Uy Up Ug )
weak states V| = Ug Up Ug

v, U, U,

T

UIB-

Tl
L J

mass states

PMNS matrix - Eiﬁalngr:-us to the quark CKM matrix

HenTpuHHbIE OCUUNNALNK
5. M. lNNoHTekopBo, 1957
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K2K - the 1st Long-Baseline
Accelerator-based Experiment

euper-Kamiokande |

MOATBEPANN Pe3yAbTaThl C aTMOCHEPHBIMM T
HenTpuHo S-K:oxuaanocb 80 12GeV FE@I{EH
3apernMcTpmMpoBaHo 56 MIOOHHbIX COBbITUN v beamline



Soudan g

Duluth®

Lake
Michigan

Madison

Near Far

NMNoarBep>xaeHue S-K Fermilab Soudan

730 km

Oxupanoch 177 + 11 50O

3aperncTtpupoBaHo 92
Am?2 = (3,05 + 0,60 (crar.) £ 0,12 (cucr.))- 1073

aB?
sin? 20 = 0,88 + 0,15 (craT.) £ 0,06 (cmcrT.)




Pun3nkKka MaCCUBHbIX CMeLUaHHbIX
HEUTPUHO

Yncno nerkmx HEUTPUHO?

[lpupoga HEUTPUHO C onpeaeneHHbIMIK
Maccammn?

ADCONIOTHbLIE BEMNYUHBLI Macc?
[TapameTpbl MaTpuLbl CMeLLUBaHUA?
CP-HapyLieHne?

Hy>XHbl HOBbIe AaHHbIlE!



OKCNEPUMEHTbI MO HENTPUHHbBIM
OCLMNNALNAM

PeaktopHble: CHOO/Z, Palo-Verde, KamLand, BOREXINO
Me3oHHble pabpuku: LSND, KARMEN
Yckoputenu : CHORUS, NOMAD, DONUT

ConHe4yHble HenTpuHo: Homestake, GALEX, Kamiokande,
Super-Kamiokande, GNO, SNO

ATmocdepHble HenTpuHo: NUSEX, Soudan-2, IMB,
Kamiokande, Super-Kamiokande, BOREXINO, UNO, MACRO

Yckoputenu (AH): K2K, MINOS, OPERA

[MEPCITEKTWBbI: MoOHHbIE HAaKONMUTENbHbIE KOSbLA,
HENTPUHHbIE abpmKK

HARP (Hadron Production at the CERN PS proton synchrotron)
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Ihaaaassas gy asnaii OPERA

Oscillation Project with Emulsion-tRacking Apparatus —
9KCNEPUMEHT MO NPAMOMY HabMNAEHMNIO OCUUNNALUA HEUTPUHO
vV, — V..

1) T

Llenbto akcnepnmeHTta OPERA aBnsieTcs HabntogeHme
ocunNnauUnm vV, B V, BTy4Ke Vv, OT yCKOpUTEnNS LIEPH
nocpeacTBOM NPAMON pernctpaummn 7-nenToHOB B AAEPHOM
aMyIibCcun B noasemHon nadopartopum ['paH-Cacco.

13 cTpaH, 36 MHCTUTYTOB (6POCCUNCKUX)



Annecy, Lyon,
Strasbourg

. Dubna, Moscow
Hamburg, Miinster, ~ Zogreb — sig anrPTTTER sTe 1]

Rostock MSU) Obninsk

Brussels “
Bern e -
Neuchatel " —

Zurich _
-

L'Aquila, Bari,
Bologna, Frascati,
NGS5, Napoli, Padova,
Eoma, Salerno

2

Technion Haifa

Aichi, Toho
Kobe, Nagoya
Utsunomiya

13"

Gyeangsang

METU Ankara 36 INSTITUTIONS, """200 PHySICISTS
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HEUTPUHHOM
NEeTEKTOope
OoJA3€MHOM
Jadboparopumn Gran
Sasso BIIEPBbIE

3APCTUCTPHUPOBAHDLI @&

0oJ1ee 300
HEUTPHUHO,
CO3IaHHBIX

yckopureaeM SPS
CERN (732 xkm).

PERA
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1400 m

akcnepumeHT OPERA

(A y Y
: “i‘ / IpsAMOM MOUCK OCUMILJIA AN
Vu —)VT ¢ NIoMomIbHO

B YUCTOM IIYIKE VH;

IMouck ocumaasauum V, >V H
n3Mepenmue 0,
GRAN SASSO

4.5x1019 pot/year

Vv
v, CC /kton 2900
v, NC /kton 875
<E> (GeV) 17
(Ve V! v, 0.85 %
v, v, 21 %
TERAMO
v, prompt negligible

D,eTeKTOp AOJKEH ObITb MULLEHbLIO ANA vV U AETeKTOPOM ANA pacnagoB 1

oaoHoBpeMeHHo - ECC
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The various components of the CERN Neutrinos to Gran Sasso facility, which produces an intense beam of muon-neutrinos.




AeTeKTop GFEA.
150000 3MYTNbCUOHHbIX KUpNU4en




EMULSIONS
« 150036 ECCs ~ 1/25 kton

TARGET TRACKERS
+ 2 x 31 scintillator strips

walls
« 256+256 X-Y strips/wall
* both-sides readout, WLS

fiber
ggz‘%hém?‘el H7I546 PMT
~ 095 c%m(eZ.sé cm pitch)

L]
L]
. ¢
ce
L]

Luca Stanco - Padova

€ o
rate = 20 Hz/pixel @1 p.e.

a quite large fine grained
“vertex\detec’ror‘" !

detector

ronic

Brick
Manipulator
system

HIGH PRECISION TRACKERS

l6 dr‘if’;—‘rub% ;
ayers/spectrometer
INNER TRACKERS spzn‘ial r'gsoluﬁon <0.5 mm

* 990-fon Fe dipole magnets
(B=155 T? instrumented with

+ several essential "off-site”
ancillary facilities:

- emulsion “refreshing”,
* brick assembly/disassembly

. %(2)5RC|)DC p anefs (streamer mode) « labellin

. m2 surface ;

« “+7~1.3 cm spatial resolution . au‘romaglc development
« € = 96% (geometrical) . scanning

OPERA Status - IDS-NuFact2009 20
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150036 brick
have been
produced and
installed in the
detector (1.25
kton mass)

OPERA is an hybrid detector built running in parallel with several ancillary

facilities that - before 2008 — hadn’t been validated at nominal speed




75% ot 3annNaHUPOBAHHOIO

29 cTeHOoK
51 pan
150036 kupnuyeu



DMYNbCUUN - OCHOBHOU 3S1eMeHT
AeTeKTopa.






ZeMuLlerHb U3 CBUHLA U IMYSIbCHUM (macca 1,25 KT)

3MY/IbCUOHHbLIU KUpnu4
56 Pb nnactuH + 57 amynbcun

A
10.2cm Bk CSd:2 cnosi amynbcumn
W

:,r_ (TonwwuHa 44 pum),
«  |HaHeceHHble Ha 205
NJacTUKOBYH OCHOBY

e BbiCOKOE NPOCTPAHCTBEHHOe
pa3peweHme (3Mynbcusi) + MacCUBHas
MULLEeHb (CBUHeEL)

Track reconstruction accuracy inside emulsion layers:

Ax =1 ym A6 ~1 mrad
e MoaynbHasa CTPYKTypa




Bbicokasa To4yHOCTb robot-
manipulator : 3anonHeHue,
eXXeaHeBHas BbleMKa

YcTtaHOBNEH C ABYX CTOPOH, CNOCOOEH
3anonHATb getekrop 3000 kmpnuyamu
exeanHeBHO



IPPEKTUBHOCTb, OLIeHKa
PoHa



NHTEHCMBHOCTH HEUTPUHHOIO My4YKa B jjadoparopuu Gran
Sasso cocraBJsier ~4.49 * 10° m2 wa 1 magaroummii Ha
MHIIIEHb MPOTOH (~10' MpoTOHOB B CYTKH), MONEPEeYHbII

pazMep — okoJ10 800 M, cpeansast 3Heprusa ~ 17 I'3B

IIpu 3ToM B nerexkrope maccou 1250 T oxkupaercs oko.10 40 coObITUH IO KAHATY
3apsiZKeHHOro Toka B cyTku. [lpeamosaraercs, 4yro perucrpauus oyaer uaru 200
AHer B roay. Takum o0Opa3oM 3a mAaATh JieT IUIaHUpyercd moayduts ~40 000

COOBITHUH, CBSI3aHHBIX C B3aUMO1eCTBUSIMHU Y

13 HUX ~5-15 coObITHH V,
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Mgt hranaanaasst’s s/ IIpu 00padoTKe IMYJIbCHI IJIAHUPYETCH

I ...::::: *'_"‘:" i BBIICJISTH CJeIYIOIHe OCHOBHbBIE THIIbI
COOBITHH

Tabmauma 1

IN =1

OcHoBHoI 11e11b10 poekTa OPERA sBisieTCs BhIJieIeHHE COOBITHI MATOrO THIIA.
Bpewmst sxu3nu t-nentona 2.9 <1013 ¢ . OcHOBHBIC KaHAJIBI paciaja:

—_ —_ —_— Ea - - —_— - —_ i — :I b
r —vevy X r > u vy X > hv.(nx)

BeposaTHoCTU pacnaaos pasHeI :
18%, 17% , 50%.



OPERA: tau physics search potential

Full mixing, 5 years run, 4.5x10% pot / year and M =1.3 Kton

: : : . 0o 0 o
Efficiency before T identification: € ;... X € ;0 X € peom X € yeriex focation— 2970 X (270%) x 94% x

90% =
ignal
T decay :
channels 5"""_ &m: _ Background
=2.5x107 eV2 | =3.0x103 eV?
Expected backgrounds: Occur if primary e 0L
. ) i not detected and possible
m  Charmed particles produced in v, CC and NC interacfon wrong charge

Hadron reinteractions in lead measurement of
secondary muon. Muon

ID is very crucial issue
1t¥ mis-identification for the experiment!

Large angle M scattering: muons produced in v, CC events




Pacnaabr t-nentoHa nNoapasaenatoT Ha «KOpOTKue» U
«AnNUHHbIe». KopoTkuu pacnaa npoucxoaut B TOU Xe
CBUHLIOBOU NSACTUHE, B KOTOPOU MpOU3OLLNO
nepsuyHOe B3aUMOAeUcTeue, ASIUHHLIA - B OAHOU U3
nocneayroumx. B nepsom cnyuae orbop cobrrtus

npoucxoauT no npuuenbHomy napametpy (impact
parameter), KOTOpbIXA AOMXKeH NpPeBLIWATb BeSIUYUHY
5 mkm. TTpuUsHakom ANUHHOro pacnaaa ABngSeTca yron
usnoma Tpeka, nexawmim 8 npeaenax or 20 no 500
Mpaa.

emulsion film plastic base

Ny

Ph

€ » «
Short decays Long decays



AsTOMaTU3aLUua 06paboTku

3MYNbCUU - CKAHUPOBAHUE



CKaHUpOBAHUE IMYJSIbCUU

MonHas asmomamu3sayus ob6pabomku

npumep cobbimua e aMynbcull

10 nabopamopuu e Eepone u AnoHuu (1- e Poccuu)

AsmomamusuposarHHoe am
CKaHuposaHue:

PEKOHCMPYKYUS

Mukpompekos (d5mkm)




Wl AsTomarusuposarHezre

= MUKPOCKOrer  A/19  06paboTku
AAepHLIX IMysIbCUA B
Js1aboparopum [paH-Cacco
\ HaywmorarsHoro WHcTuTyTa
SnepHorx Hccnenosart
== Mrarmm.

CKaHupyrolme asTomaTUIUpOBAaHHEIE MUKPOCKOMLI B yHuBepcutete Harous,
SrioHus.

e
X







«[lnanasoH nepemelieHun X = 120mm, Y =
100mm

*ToyHocTb = 0.25 Mkm

*YnpasneHue Yepes KOMrMbLoTep

*3.46 x 10-3 MKM —TOYHOCTb onpeaesieHUs Z

8 6uT (256 rpapauvn ceporo); 10 6ur,
1024 rpapauwv ceporo;

768 x 580 pasmep mampuLibL; 1280 x
1024 pasmep maTpuLib;

40 kapp/cek bbicTpoAeUcTBME; 3510/0)

kagp/cex 6LICTPOAEUCTBUE
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P OPERA CkaHupyroLwaa nporpamma (aaanTUPOBAHHLIN
BAPUAHT libACQ) BEINOMHAET Cleayrolwme onepaumm:

"ynpasfieHue nepemellieHMemM CToNa No Tpem KoOopaAUHATaMm,
"CepuUMHas 3anucb KaapoB C OAHOBpPeMeHHbIM ABUXeHUEM
obbekTuBa B Nnockoctn Z (16 kaapoe Ha Bbicote 50 Mkm),
"rnpeaBaputTenbHas o06paboTka m3obpaxeHU - BbIYUTAHUE
(POHa, nOUCK knactepo (6uHapusauug, BbIAeneHue
KOHrTOMepaToB NuKcenen),
" MOUCK MUKPOTPEKOB MO KNacTepam, COXpaHeHue AAHHLIX B
cneunanbHom gauinie popmata ROOT.

"B pesynbtate paboTbl nporpammbl 0bpasyetca aun ¢
paclwmpeHuem , KOTOpbIM MOXHO WUCNOSIb30BATH ANd
AanbHeulen NOTOKOBOW 06paboTKU AAGHHLIX CpeAcTBAMU
CTAHAAPTHBLIX NPOrPAMMHLIX CpeAcTB 3kcnepumeHTa OPERA.
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o 2 Fr—ﬁv

" OPERA

Takum obpasom, NOSMHBIU LMKN onepauuvin
ANA CKGHUPOBAHUA U OAHOBPEeMeHHOU
06paboTku 3MynNbCUOHHLEIX NneHok OPERA
MOXeT NMPOBOAUTLCA HaQ POCCUUCKOM
obopynosaHuu.



TTnaHb U nepsbie
pe3ynbTaTbl
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From SPS: 400 GeV/c
Cycle length: 6 s
Extractions:
— 2 separated by 50 ms
Pulse length: 10.5 us
Beam intensity: P,
— 2.4 - 1013 proton per extr g J vl . i I
Expected performance: R ; . R b S }” o
— 4.5-10Y pot/year Py N o o CNGS a 17 GeV v, beam from
RN 2 Iy CERN to Gran Sasso (732 km
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mozr 2003

Assembly frame for vertical slabs

Base magnet

Magnet Asse‘i'gbly, in Hall C sgptember‘ZOOS =5 4 B 1 B , e ; :

... 2009

= OPERA Hall C : september 04
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Installation completed with VETO and HPT
before first half of 2007
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2006 Pilot run: after commissioning in Aug, no follow-up in October due
to a problem in the cooling of one horn. Moreover, no bricks in OPERA

« 2007: Major problems in the radiation shielding of the ventilation system.
Only 8-10'7 pot. Significant interventions during winter shutdown.

« 2008 OPERA fully operational (see below). Performance of the CERN
injection complex poor at beginning but steadily improving.

 After the LHC accident, further increase of the integrated intensity for
OPERA (duty cycle 37.5% —>83%).

The 2008 run was the first long physics run for the CNGS

SPS-PAGE1l USER:CNGS1 02-11-08 21:44:27
1l CERF 3L Z4-0H-08 1l1l:463£1 Flat top: 90ms USED BCT:BCT4
SPS-Protons u ntegd 8- 08 11:45:57 i
Uger: SFTLOHNGL1 a00 B : 58104
Flat top: nullms sg =B B 48.0s
EATE*E10:

Bl
(=]

177 0
DUHMP
3T08 ms D END -FB

A
-

a
t
2
4
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8
35
g3 5
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SFTPRO 3xCNGS LHC

> Phone: 77500 or 70475 <




18 June- 03 Nov 2008

CNGS Run 2008
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2006: 1-bi1 3Tan —
NpoBepKa 3JIeKTPOHHbIX
AEeTeKTopoB

horizontal projection

X (cm)

vertical projection

Y (cm)

| 1
-800 -4(|)0 (I) 400 800
Z (cm)

MepBoe cobbITHE, CBA3AHHOE C B3aMOAEACTBMEM MO
KaHany sapAa)XeHHOro Toka, saperMcTpupoBaHHoe B
3r1eKTPOHHbIX geTekTopax B aerycte 2006 roga

PEKOHCTPYKLMA TOHKY B3AHMOREICTBUA MHOHA B KprAde
akcnepumenTa "OPERA"



TOPWEW [Horizontal profelicon] [ FganT Humber TOOEA § TP VEW Horizontal projeclion] [ FnT Rumber SIS0 §

Kl
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SIDE VEW [Warlical projeciion]

IIE

SIDE VEW {Warlical projeciion]

E T ——r——w i o A

TOP VIEW [Hortzonial projection] [ ETHE T TOP VIEW [Horzonial projeclion]

I

EI0E VEW {¥arlical projeciion] SIDE ¥EW {¥arical projeciion]

E T i i e

Fignre 5: Display of nentrine events from the August run. For each event the top and side views are shown.
respectively. The SM targets are indicated in blue. the spectrometer in light brown. TT and RPC hits are
indicated in red. See the text for event classification.
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2007: @usmyecku stan

HabnropeHue nepsbIX cobbITUMA,
CBA3AHHLIX C B3AUMOAEUCTBUIMMU
HEUTPUHO, B 3MYJSIbCUU



Mepesoe cobbimue, HaudeHHoe & amynbecuu 02.10.2007 2.

TP WIEYW (horzontal projection)
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HaxoxxaeHue Touku B3aumMoaenucrBusi HEUTPUHO B
3MYJ/IbCUOHHOM KMprin4ye

Il [NpeackasaHua CS
nyoK MCNONb3YIOTCA NPU
HeUTp1HO T | ckaHmpoBanum
3MYINbCMOHHOIro KUpnu4a ans
HaXOXXAEeHNU TOUKM

B3anMoOencTBUs HEUTPUHO
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" OPERA

TTepebre pesynbrater OPERA 2007r.

HavpeHo ~38 cobbituu B 3mynbcum, us Hux 29
cobLITUUN, CBA3AHHLIX C B3AUMOALAEUCTBUSMU NO
KaHasy 3apsXKeHHbIX TOKOB U 9 cobbiTuK - no
KaHany HeUTpPasnbHLIX TOKOB.



— Event 180718369: XZ projection, 7 Oct 2007, 16:18 (UTC) i
2 e - ] 2 (
2 [-115 = - = = / ? ;I JJll (l (ljlr\r"\
> - = a — ‘ ‘ (4 &
o 1601 = I = a4 2 O . P . —— O P e m T

C m |
& o H | | |

180 — = .

g =112 = 5 u .

— - -
E 2001 [ o o = = @
% =110 - - = =
O 220 — 2 32 3 24 25 26 27 ‘ H

520 -500 -480 460 440 VWA

| Event 180718369: Y projection, 7 Oct 2007, 16:18 (UTC) | = Selected brick W C
— 0[— Brick in cell
= » 15 I | | I Empty cell
() B
S sofm
o [
g2 o L | I
L =
) I |
2 28 = =
o -0 =
x Cc., .20 3@ 23 24 25 26 27
520 500 -480 -460 -440 VWA

vertex signature

_Brick3034730 | g|peqdy evident in the
A0 €S

-720: X K : 0
S
I

Y (um)

-740
- -

-760_ z St

o] .

-800- - The charmed hadron is
- “inside” the hadronic
- Jet and back to back

-820 | | | | | | | | | | | | | | | | | | | | | | X1( 3 l:: H
-1860 -1840 -1820 -1800 -1780 -1760 -1740 with the muon

X (um)




X (micron) |e..
30

nlastic base

-200 -100

ECC level

air openin
gng le ?O mrga

E w =157 MeV

6 prongs

SIDE VIEW (Vertical prejection)

,ll. Ecam

!
17
I
I
T
L
)
I
I
I
1
I
I
I
1
I
I
I
I
I

I
1
s h o




ll%-ll--
G

!ll‘\‘r—ﬁv

" OPERA

®usmyeckumn atan akcnepmumeHta OPERA nokasan
NPABUIIbHOCTb KOHLIENMLUUU 3KCNEepUMeHTa.

TTonyyeHHbIe AGHHbIE NO3BOSIUNU NPOBECTU GHASU3
TOYHOCTEU NPOCIIeXUBAHUS U MOUCKA COOLITUU B
3IMYbCUOHHBIX KMpNUYax, oTpaborartb BCHO
CINOXHYHO Lenb B3AUMOAEUCTBUU PA3SIUYHBIX FPynn
ANS NOJSlydeHUsa AAHHBLIX U NOAFOTOBUTLCA K HOBOMY
3TanNy 3KCNepuMeHTa.



2008:

TTonHomMacwTabHLIU 3KCNEepUMeHT



CeaHc 2008

*Hauyano: 18 utoHsa -- OkoHuaHue 3 Hos6ps
=23 Hedenu paboThl
"NapameTpsbl NyuyKa:

YUuCcno AHeu 123
3(PPEKTUBHOCTb 80%
UHTEHCUBHOCTb 2 *10 13

UHTerpanbHoe ymucno (p.o.t) 2,28* 10 ©°
YUuCcho B3aumoaenucTeum B Hegenro 120

Oxuaagemoe Yncno B3auMoaencTBUN:
2200 B3aUMOACUCTBUU V|, HEUTPUHO
10 v; HeuTpuHO — 1 cobbiTme (NpU NpeAnoNaraemomn 3PPEeKTUBHOCTU)



OPERA path: from DAQ to Event Analysis

Trigger + select “on time” event with CNGS

Electronic detectors information are processed by a software reconstruction program (brick
finding algorithm) that selects the brick with the highest probability to contain the neutrino
interaction vertex

The brick is removed by BMS and exposed to (frontal) X-rays to ensure a common reference
system between CSd and brick

The CSd is separated from the brick, developed and analysed in one of the two Scanning Stations,
located in Europe (LNGS) and in Japan (Nagoya)
If any track related to the event is found in the CSd, the brick is exposed to (lateral) X-rays beam

and to cosmic rays for sheets alignment. The brick is disassembled and the emulsion films are
developed and sent to one of the scanning labs

Tracks found in the CSd are searched for in the most downstream film of the brick and
tollowed (scan-back)

A volume scan around the neutrino interaction is performed and the neutrino vertex 1s confirmed

The scanning lab stores the information about the brick in a local database. Information are then
copied in one of the two synchronized central databases

The events are analyzed off-/ine and tau is searched, by accessing to the database
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Event 23012310: XZ projection, 22 Jun 2008, 20:00 (UTC)
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Secondary Vertex
(1 prong decay)

kink angle = 0.204 rad
Decay length = 3247 pm

p(daughter) = 3.9 *1.7_ ,, GeV
p; = 796 MeV
p;MIN = 606 MeV (90% C.L.)




2008 Run: vertex location summary

Events analysis (European set only) (@ March 5th 2009

8 10 12

1 | I ‘ L1 ‘ | I —
14 16 18 20

Impact Parameter (1um)

2 4

NC CC Total , _
For the time being
Bricks assigned 83 441 524 event location with
Bricks received in the labs 78 394  |472 R bgfofjtfamﬂ
= 0
Sc;
E j: i
Ve :: i track IP
Pa 2:
Ve ::

6 8 10 12 14
Multiplicity

N. Agafonova et al., 19 March 2009, arXiv:0903.2973v1 [hep-ex]. submitted to JINST
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Utorn u nnaHel Ha b6yAayuee

Hetektop OPERA HabupaeT ctaTUCTUKY

OPERA pokaszana BO3MOXHOCTb CO34aHUA 3MYJIbCMOHHOIO aeTteKkropa KT
Macchbl

CKkopocTb Habopa AaHHbIX NOCTOSIHHO HapacTaeT

K HacToswemy MomeHTy: ceaHc 2008 Havyancsa 18 noHa, 120 aHen Habopa
CTaTUCTUKU

Oxupaetca 2.28x10'° p.o.t. n 1 v. B3aumopencreme
K HacToslemy MomeHTy, HabpaHo 1,29x107° p.o.t.

CeaHc 2008 gacTt BaxHble pe3ynbTaTthbl Ans akcnepmmeHta OPERA :
NO3BONIUT OLIeHUTb 3cphekTUBHOCTL U (poH (charm,...) u M.6. ~1 v_?7??



SPS start-up CNGS beam for Physics RUN:
2009 May 21

Isolde  East Hall Narth Area LG ADStat g o Start AD

Physics syt LHCTL Physic Beam  yjith Beam - _
Start NothArea g avalabe s MO Physics

& CNGS

Source and

BPJ m tn Linac3 Start
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RUN expectations

173 days

48s supercycle

80% efficiency
2.4F13 pot/extraction

>3.6F19 pot

- 3500 events of nu interactions
With 2008-10 runs

. . . we may be able to exclude
Efforts needed for improving this B ap;/,eamnce With a

per‘formance... reasonable probability

RUN expectations o8

at a not so large probab.
>4 KBE19 pot to confirm tau appearance

=450 nu interactions in OPERA bricks
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V.l. Galkin, T.M. Roganova, G.P. Sazhina, P.A. Publichenko et (OPERA
Collab.) // First events from the CNGS neutrino beam detected in the OPERA
experiment”. New J. Phys. 8, p. 303, (2006).

[lopHywknH KO.A.,"ankuH B.A., PoraHosa T.M. n gp. lNouck ocunnnsauum vy B vt
C UCMONb30BaHUEM MyYKa BbICOKOSHEPIrNYHbIX HeUTpunHo 13 LIEPHa B ['paH-
Cacco (akcnepumeHT OPERA) U3Bectna PAH, 1.71, Ne4, (2007), c.594
Anokhina A.M., Aoki S., Ariga A., ... Galkin V.I., ... Nikitina V.V.,... Osedlo V.I.,
... Publichenko P.A., ... Roganova T.M. et al. Study of the effects induced by
lead on the emulsion films of the OPERA experiment.Journal of Instrumentation
(JINST),v.3,(2008), P07002,17 pp.

Anokhina A.M., Aoki S., Ariga A., ... Galkin V.I., ... Nikitina V.V.,... Osedlo V.I.,
... Publichenko P.A., ... Roganova T.M. et al. Emulsion sheet doublets as
interface trackers for the OPERA experiment. Journal of Instrumentation (JINST)
, V.3, (2008), P07005,19 pp.

Acquafredda, ....A.Anokhina, V.Galkin, V.Nikitina, P.Publichenko, T.Roganova,
G,Sazhina et al.The OPERA experiment in the CERN to Gran Sasso neutrino
beam....2009 Jinst. V.4, p. P04018

ArajgpoHoBa, ®.M.AHOxuHa, B.WU, NankuH, B.B.HukutuHa, MN.A.l'NybnmnyeHko,
T.M.PoraHosa, I'.IN.CaxnHa n gp. CoBpeMeHHbIN CTaTyC 3KCNepumMeHTa
OPERA no HabsntogeHuto ocumnnsauum vu B vT B nydke vu. 2009, Ttom.73, Ne5,
C.685-687









« The beam is separated into a central beam and four
islands by means of non-linear magnetic elements
like sextupoles and octupoles.

- Each beamlet is ejected using fast kickers and a
maghnetic septum

Virtually loss-less

x:‘[ Magnetic
st J ./"' \ |+ Septum blade
2 LSIM core beam kick
e ‘\I\/L
— 3 —* 5 I-:,H 1 Fast Kickers 1321 8.8
N N _’;’H\&"_/” X kick all beamlets
L
7N
\ 4 JI:: Inirial beam distribution Beam distribution after 6500 turns
R :: _ : o 5, b
- ]
o W . <
« 2001 first proposal (linked to 1.5 intensity .
increase for CNGS)
° R&D and Teslr 2002_2004 0% iE ol -:L B P TR N R YR l::L
* Implemen‘l'a'l'ion STUdY group 2005 Beam distribution after 7500 turns _ Beam distribution after 16500 tums
* March 2006 TDR 7 - " .
* October 2006 Project approved "
« August 2008: First MTE obtained ! A T e e e
® 2009 ?? J:uur q :; a1
Important step for safe achievement of the asf . "
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